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The  object  of  this  research  was  to  investigate  theoretically  the 
driving  force  for  electromigration  and  thermomlgratlon  in  metals. 

The  driving  force  for  electromigration  was  shown  to  be  equal  to  the 
local  electric  field  accompanying  electron  transport.  The  force  was  deter¬ 
mined  from  the  linear  response  expression  of  Kumar  and  Sorbello  using  both 
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Abstract  -  continued 

The  effects  of  atomic  configuration  on  electromigration  was 
investigated  within  a  pseudoatom  picture.  Application  was  made  to 
lattice  distortion,  fast-dlffusers,  grain  boundaries  and  Isotope  effects. 
Calculations  were  made  of  the  driving  force  In  llquld-metal  alloys  and 
were  found  to  be  In  agreement  with  experiment.  The  Kohn-Luttlnger 
formalism  was  applied  to  electromigration  In  an  inversion  layer. 

The  electron-impurity  scattering  responsible  for  electromigration 
was  examined.  Phase  shifts  were  calculated  and  related  to  alloying 
properties.  Agreement  with  experiment  was  obtained.  The  validity  of 
force-force  correlation  functions  In  electron  transport  was  Investigated. 
We  also  considered  scattering  and  screening  effects  In  ultrasonic 
attenuation. 


' "  The  driving  force  for  thermomigration  was  examined.  A  linear- 
response  expression  was  derived  for  the  electronic  component  of  the 
driving  force.  We  calculated  this  force  within  Green's  function  theory. 
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RESEARCH  OBJECTIVES 

The  object  of  this  research  vas  to  investigate  theoretically  the 
driving  force  for  electromigration  and  thennomigration  in  metals. 

The  driving  force  for  electromigratlon  vas  explicitly  shown  to  be  equal 
to  the  local  electric  field  accompanying  electron  transport.  The  local  field 
was  evaluated  using  a  density-matrix  formulation  and  using  the  Green's  func¬ 
tion  diagrammatic  technique.  Corrections  to  previous  force  expressions  were 
shown  to  arise  from  scattering  interferences,  vertex  corrections,  and  a  local 
polarization  effect  contained  in  the  off-energy-shell  T-matrix.  These 
contributions  have  been  shown  to  be  considerably  smaller  than  the  electron- 
wind  contribution  in  simple  metals  when  the  mean-free-path  is  substantially 
larger  than  the  electron  wavelength  at  the  Fermi  energy.  Bound  states  and 
virtual-bound  states  were  Included  in  the  analysis  for  the  first  time  in  any 
published  work.  As  a  virtual-bound  state  is  lowered  in  the  conduction  band 
its  contribution  to  the  force  continuously  approaches  that  of  a  true  bound 
state.  This  would  effectively  modify  the  observed  electrostatic  bare-valence 
of  some  impurities,  e.g. ,  hydrogen,  in  metals. 

Since  the  electron  wind  force  is  dominant  in  simple  metals  and  can  be 
most  easily  calculated  using  pseudopotential  theory,  we  performed  further 
calculations  based  on  our  earlier  work.  We  considered  the  most  realistic 
atomic  configurations  to  date,  incorporating  lattice  distortion  and  other 
structural  arrangements  never  before  considered.  Lattice  distortion  effects 
typically  can  give  10Z-30Z  corrections  to  the  force.  Calculations  for  the 
atomic  configuration  of  a  fast-diffuser  complex  show  that  the  structural 
effects  are  appreciable  and  afford  a  possible  explanation  of  observed 
anomalous  behavior  in  these  systems.  Within  the  pseudopotential  picture  for 
nearly-free-electron  metals,  the  structural  effects  associated  with  a  grain 
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boundary  have  little  Influence  on  the  driving  force  for  electroalgratlon. 
Finally,  our  calculations  shew  how  configurational  effects  nay  account  for 
the  observed  isotope  effects  in  liquid  netals  (Heffner  effect)  and  for  an 
isotope-dependent  force  in  hydrogen  electroalgratlon. 

Electron- impurity  scattering  potentials,  which  would  be  of  use  in 
electroalgratlon  calculations,  were  investigated  in  terns  of  the  effects  they 
cause  in  electronic  structure.  Phase  shift  parameterization  schemes  were 
used  and  applied  to  studying  the  effect  of  alloying  on  electronic  structure. 
Effects  of  lattice  distortion  were  considered.  Agreement  between  theory  and 
experiment  was  obtained. 

Electron  transport  was  investigated  within  the  framework  of  the 
Boltzmann  equation  and  within  linear  response  theory.  The  validity  of 
"memory  function"  and  force-force  correlation  function  techniques  was 
examined.  The  role  of  electron-impurity  scattering  and  electron  screening 
effects  in  ultrasonic  attenuation  was  also  considered. 

We  critically  examined  the  driving  force  for  thermomigration.  The 
phonon-scattering  effects  require  a  non-adiabatic  analysis.  The  electron- 
scattering  effects  were  described  by  a  linear-response  expression  similar  in 
structure  to  that  used  for  electromigration.  He  calculated  the  force  using 
Green's  function  theory  and  obtained  results  similar  to  those  obtained 
previously  using  seml-claaslcal  theory. 
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